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A FRICTION CLUTCH 

The present invention relates to friction clutches and in particular 
friction clutches for motorcycles. 

Considering a motorcycle application, such a friction clutch must have 
a torque capacity which is capable of transmitting at least the maximum engine 
torque seen at the input to the clutch as generated by the engine and often 
particular clutches installations have a much higher torque capacity. 
Furthermore the torque capacity of the friction clutch in the drive condition 
(i.e. when the engine is driving the transmission) is the same as the torque 
capacity in the over-run condition (i.e. under conditions of "engine braking"). 

Under certain circumstances when changing down through the gear 
ratios of a gearbox the engine braking can be sufficiently severe to cause the 
rear wheel of a motorcycle to "lock" and skid relative to the road surface. 
This is a potentially hazardous situation especially if the motorcycle is 
negotiating a bend at the time. Under such circumstances it can be beneficial 
to reduce the maximum torque level the clutch in the over-run direction to 
prevent wheel locking. 
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Under certain other circumstances where it is required to accelerate the 
motor cycle from rest quickly, the clutch is initially disengaged and a gear 
ratio is then selected. The engine revs are then increased and the clutch is 
then engaged relatively quickly causing the engine speed to reduce and the 
motor cycle to accelerate. Thus under these circumstances it is possible to 
induce torques in the transmission system of the motorcycle which are higher 
than a corresponding torque when the engine is running at a steady state 
condition at its maximum torque level. This is because the torque in the 
transmission system comprises the torque produced by the engine and also an 
additional transient torque level produced by the inertia of the engine as it 
initially slows down. Under such circumstances it can be beneficial to reduce 
the maximum torque level the clutch can transmit in the drive direction. 

Thus according to the present invention there is provided a friction 
clutch for transmitting power under drive and over-run conditions including a 
clutch hub comprising a first component rotationally fast with one or more 
friction surfaces of the clutch, a second component rotationally fast with a 
power shaft, and a third component acted upon by the first and second 
components which acts to automatically partially disengage the clutch during 
transmission of power in at least one of the drive or over-run conditions. 
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According to a further aspect of the present invention there is provided 
a friction clutch for transmitting power under drive and over-run conditions 
including a clutch hub comprising a first component rotationally fast with at 
least one friction surface of the clutch and a second component rotationally 
fast with a power shaft in which the clutch can be automatically partially 
disengaged during transmission of power under over-run conditions and in 
which the at least one friction surface comprises a carbon-carbon material. 

The invention will now be described by way of example only with 
reference to the accompanying drawings in which:- 

Figure 1 shows a cross section view of an embodiment of a clutch 
according to the present invention; 

Figure 2 is an exploded isometric view of the clutch hub of figure 1; 

Figure 3 is a schematic sectioned exploded developed view taken in the 
direction of arrows AA; 

Figure 4 is a view similar to figure 3 of components of a second 
embodiment of a clutch according to the present invention; 


SUBSTITUTE SHEET (RULE 26) 


wo 98/40638 


PCT/GB98/00721 


4 

Figure 5 is a view similar to figure 4 showing the components in a 
position whereby the associated clutch is partially disengaged; 

Figure 6 is a view taken in the direction of arrow G of the third 
component of the second embodiment; 

Figure 7 is a view similar to figure 3 of components of a third 
embodiment of a clutch according to the present invention; and 

Figure 8 is a cross-section view of a fourth embodiment of clutch 
according to the present invention. 

With reference to figures 1 to 3 there is illustrated a single friction 
clutch 10 comprising a clutch cover 11 secured to a flywheel 12 by studs 13 
and nuts 14. A belleville spring 15 reacts against the cover 11 and biases a 
pressure plate 16 towards a stack of interleaved drive plates 17 and driven 
plates 18. Drive plates 17 and driven plates 18 are made of "carbon-carbon" 
i.e. a carbon composite matrix filled with a carbon filler, and each have 
corresponding friction surfaces 17A and 18A respectively. Drive plates 17 are 
rotationally fast with flywheel 12, and driven plates 18 are rotationally fast 
with first part 30 of hub 20. Hub 20 further comprises a second part 40 and 
a third part 50. The first part 30 is generally annular in shape and includes 
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external projections 31 which engage in internal notches 18B of driven plates 
18 and ensure that the driven plates remain rotationally fast with the first part 
30 of the hub. First part 30 additionally has four radially inwardly projecting 
lugs 32 and an annular projection 35 with a circlip groove 36. 

Second part 40 comprises a cylindrical internally splined portion 41 and 
a flange portion 42. The splines 41 A of cylindrical portion 41 ensure that the 
second part 40 remains rotationally fast with shaft 19. Flange portion 42 
additionally has four circumferentially spaced lugs 43. 

Third part 50 is generally annular in shape and includes a cylindrical 
portion 51 used to mount a bearing 52 on its radially outer surface and also 
houses one end of spring 66 on a radially inner portion. Third party 50 
additionally has four circumferentially spaced lugs 53 on a side remote from 
the cylindrical portion. 

An outer periphery 44 of flange portion 42 is secured between a circlip 
33 and a shoulder 34 of first part 30. Thus first part 30 and second part 40 are 
secured axially fast relative to each other. Second part 40 is secured axially 
fast on shaft 19 by nut 19 A. Nut 19A also acts as an abutment for spring 66 
which is installed in a pretensioned manner. 
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When assembled lugs 32 of first part 30 are situated circumferentially 
between lugs 43 of second part 40. Additionally each lug 53 of third part 50 
is located circumferentially between adjacent lugs 32 and 43 (see Figure 3). 

Disengagement means 60 comprises pivot plate 61, circlip 62, adaptor 
cage 63 and release bearing 64. The clutch can be disengaged at any time at 
the option of an associated operator (eg rider in the case of a motor cycle) by 
moving push rod 67 and associated push rod abutment 68 to the right as shown 
in figure 1 . This causes the disengagement means 60 to also move to the right 
and act and move the fingers 15 A of belleville spring 15 thus releasing the 
clamp load and disengaging the clutch. 

Operation of the clutch is as follows :- 

The friction clutch 10 rotates in the direction of arrow B of Figure 2 
when the associated engine is running. With the clutch engaged power can be 
transmitted under drive conditions from the flywheel 12 via the friction 
surfaces 17A and 18A of drive plates 17 and driven plates 18 to the first part 
30 of hub 20. Power is then transferred via drive surfaces 32D of lugs 32 into 
drive surfaces 43D of lugs 43 and then via splines 41A into shaft 19. 
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It will be noted that drive surfaces 32D and 43D are perpendicular to 
an axial plane of the clutch, e.g. perpendicular to flange 42. Thus when drive 
surfaces 32D are transferring power to drive surfaces 43D there is no 
component of force tending to move the first part 30 axially relative to the 
second part 40. 

Power can also be transferred under over-run conditions from shaft 19 
to flywheel 12. Under these circumstances power is transferred from over-run 
surfaces 430R of lugs 43 to surface 53A of lug 53. Power is then transferred 
from surface 53B of lug 53 to surfaces 320R of lug 32. 

It will be noted that surfaces 53B and 320R are also perpendicular to 
an axial plane of the clutch. However surfaces 430R and 53A are angled 
relative to an axial plane of the clutch at a ramp angle C. Thus as power is 
transferred under over-run conditions there is a component of force F acting 
on third part 50 in axial direction away from flywheel 12. This component of 
force tends to move third part 50 and bearing 52 towards and ultimately into 
contact with disengagement means 60. If the over-run torque is sufficiently 
high the movement of third part 50 is sufficient to cause release plate 60 to act 
on fingers 15A of belleville spring 15 and automatically reduce the clamp load 
and thus the torque capacity of the clutch. The clutch will be partially 
disengaged to such an extent that the torque capacity of the clutch falls to 
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below the over-run torque and the clutch starts to slip. Once this occurs the 
partially disengaged clutch can now no longer transmit the full over-run torque 
and thus the component of force F reduces. An equilibrium is automatically 
reached whereby the shaft 19 transfers sufficient over-mn torque to axially 
move the third part 50 and cause some clutch slip but the third part 50 is not 
moved sufficiently far to fully disengage the clutch (since with a fully 
disengaged clutch no torque can be transferred and third part 50 would return 
to its original position). 

By varying the ramp angle C the equilibrium position can be altered. 
For example, by reducing the angle C the component of force F for a 
particular drive torque would increase causing more axial movement of third 
part 50 and causing additional partial disengagement of the clutch, in other 
words by decreasing the angle C the clutch will tend to slip at a lower torque 
level when power is being transmitted under over-run conditions. Conversely 
by increasing the angle C the clutch will tend to slip at a higher torque level 
under over-run conditions. 

It should be noted that when the clutch starts to slip the bearing outer 
race 52 A will rotate at the same speed as drive plates 17 and in particular 
friction surfaces 17 A but the bearing inner race will be rotating at a higher 
speed with friction surfaces 18 A. 
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The advantage of a clutch that automatically slips in the over-mn 
direction is that it reduces the engine braking effect and reduces the likelihood 
of a drive wheel "locking" and skidding relative to the road surface. 

By varying the ramp angle C and spring rate of spring 66 the over-run 
release characteristics can be varied to suit a particular installation. 

With reference to figures 4-6 there is illustrated first part 130, second 
part 140 and third part 150 which are components of a second embodiment of 
a clutch according to the present invention. Components which fulfil the same 
function as those in friction clutch 10 are labelled 100 greater. Note that in 
the second embodiment the second part 140 moves to the left when viewing 
figures 4 and 5 when the clutch is in an over-run condition. 

In this embodiment the over-run surfaces 143 OR of lugs 143 and 
surfaces 153A of lug 153 are separated by a ball-bearing 170. Furthermore, 
surface 153 A comprises a ramped portion 154 and a further portion 155 which 
is parallel to surface 153B. Over-run surfaces 1430R similarly comprise a 
ramped portion 145 and a further portion 146 which is parallel to drive surface 
143D. Thus is can be seen from figure 5 that once the ball-bearing 170 
contacts further portions 146 and 155 no additional axial movement of third 
part 150 takes place since the power is now solely being transmitted through 
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surfaces which are perpendicular to the direction of power transmission. This 
embodiment is particularly advantageous under circumstances where the clutch 
is subject to a reverse torque spike such as when a motorcycle engine is being 
"push started" that is to say that the motorcycle is pushed along a road to gain 
inertia. This inertia is then transferred to the engine, to start the engine, by 
rapidly engaging the clutch. Without such further portions 146 and 155 there 
is a risk that third part 150 may become disengaged from the first and second 
parts 130 and 140. 

With reference to figure 7 there is illustrated first, second and third 
parts 230, 240, and 250 of a third embodiment of a clutch according to the 
present invention. Components which fulfil the same function as those in 
friction clutch 10 are labelled 200 greater. 

In this case lugs 243 have both a ramped over-run surface 2430R and 
also a ramped drive surface 243D. 

Third component 250 includes a plurality of drive lugs 256 and a 
plurality of over-run lugs 257. 

When torque is transmitted in the drive direction drive lugs 256 are 
squeezed between drive surfaces 232D and 243D on adjacent first and second 
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components causing the third component to move axially to partially disengage 
the clutch. When torque is transmitted in the over-run direction, over-run lugs 
257 are squeezed between over-run surfaces 2430R and 2320R on first and 
second component respectively. Again causing the third component to move 
axially. 

It will be noted that drive surface 243D is at a different angle to over- 
run surface 2430R. This results in the clutch becoming partially disengaged 
at different torques in the drive and over-run directions (in this case the clutch 
becomes partially disengaged at a lower torque in the over-run direction than 
in the drive direction). 

Figure 8 shows a fourth embodiment of a clutch according to the 
present invention. Components which fulfil the same function as clutch 10 are 
labelled 300 greater. 

Third component 350 is moved axially in a manner similar to the 
movement of third component 50 of clutch 10. However in clutch 310 the 
belleville spring 315 creates a clamp load that is reacted by arm 321 and 
flange portion 337 of first part 330. Arm 321 is connected to flange portion 
337 by bolt 322 which is under tension. Thus, arm 321 bolt 322 and flange 
portion 337 of first part 330 are all stressed as a result of the clamp load 
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exerted by belleville screen 315. This arrangement means that third part 350 
rotates with pivot plate 361, thus it is possible to have plain metal to metal 
contact between third part 350 and pivot plate 361. This reduces the need for 
any form of bearing such as an equivalent to bearing 52 of clutch 10. 

The invention is applicable to further embodiments such as:- 

a) single plate or multi-plate clutches; 

b) push rod or pull rod operated clutches; 

c) clutches with belleville springs in which the pivot on the 
pressure plate is at a radius greater than the pivot on the clutch cover; 

d) clutches in which coil springs act to clamp the friction surfaces 
together, and 

e) clutches in which the disengagement means does not rotate 
relative to the third part during clutch slip. 

It can be particularly advantageous to use an automatically partially 
disengaging clutch in conjunction with a carbon-carbon clutch friction facings 
since the difference in clutch capacity in the drive direction between a cold 
clutch and a clutch at working temperature (hot) clutch can vary by a factor 
of 2 i.e. double. This is because the friction co-efficient of carbon-carbon 
material goes from say 0.25 cold to 0.5 hot. However for a typical application 
with an ramp angle C of 64 degrees, the slip torque in the over-run direction 
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is found to only vary by a factor of about 1.25 between a cold and hot clutch 
since the equilibrium position of the third part is based on torque levels and 
not friction co-efficient levels. Thus, the engine braking effect produced by 
say a motorcycle is more consistent and consistent motorcycle characteristics 
promote safety. 

Furthermore, when designing for a specific installation, the torque 
capacity of a carbon-carbon clutch is based upon the maximum torque 
produced by the engine and the lowest co-efficient of friction for the drive and 
driven plates must be assumed (i.e. 0.25 with a cold clutch). This ensures that 
full engine torque can be transmitted through a cold clutch. However with a 
hot clutch the torque capacity doubles and the highest potential torque levels 
seen in the transmission are in an over-run condition e.g. when a driving wheel 
has gone over a bump in the road surface and subsequently lands again. Such 
high torque levels are capable of breaking various parts of the transmission or 
over-revving the engine. Thus a carbon-carbon clutch which automatically 
partially disengages in an over-run condition will reduce maximum torque 
levels in the transmission under over-run conditions and promote transmission 
and engine life. 

When designing a clutch for a specific application which partially 
disengages in the drive direction it is preferable that the clutch does not slip 
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below the maximum torque level produced by the engine as seen at the clutch, 
thus allowing the maximum engine torque capacity to be utilised. 
Furthermore, in some cases it is preferable to put in a margin to allow for a 
reduction in clutch torque capacity with wear. 

Thus under some circumstances the clutch torque capacity is 1.2 or 1.4 
times the maximum engine torque capacity as seen at the clutch. 

When designing a clutch for a specific application which partially 
disengages in the over-run direction, it is some time preferable to ensure that 
the clutch does not slip below a level such that the engine can be started 
through the clutch. Such circumstances arise when a vehicle is being push 
started or an engine starter motor operates through the clutch to start the 
engine. 
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CLAIMS 

1. A friction clutch for transmitting power under drive and over-mn 
conditions including a clutch hub comprising a first component rotationally fast 
with one or more friction surfaces of the clutch, a second component 
rotationally fast with a power shaft, and a third component acted upon by the 
first and second components which acts to automatically partially disengage 
the clutch during transmission of power in at least one of the drive and over- 
run conditions. 

2. A clutch as defined in claim 1 in which the first component is axially 
fast relative to a friction surface of the clutch. 

3. A friction clutch as defined in claims 1 or 2 in which the second 
component is axially fast relative to the power shaft. 

4. A friction clutch as defined in any one of claims 1 to 3 in which the 
automatic partial disengagement of the clutch is only in an over-run condition. 

5. A friction clutch as defined in any previous claim in which the third 
component moves axially to effect automatic partial disengagement of the 
clutch. 


SUBSTITUTE SHEET (RULE 26) 


wo 98/40638 


PCT/GB98/00721 


16 

6. A friction clutch as defined in claim 5 in which the third component 
displaces disengagement means which partially disengage the clutch. 

7. A clutch as defined in claim 6 in which when the clutch is partially 
disengaged by the third component the disengagement means rotates relative 
to the third component by an amount proportional to the slip in the clutch. 

8. A clutch as defined in claim 7 in which a rotating element bearing acts 
between the third component and the disengagement means. 

9. A friction clutch as defined in claims 5 to 8 in which axial movement 
of the third component is effected by ramps on at least one of the third 
component or the first and second component acting on the other of the third 
component or the first and second components. 

10. A friction clutch as defined in claim 9 in which the third component 
and at least one of the first and second components have interacting ramps. 

11. A friction clutch as defined in claim 10 in which the interacting ramps 
are separated by ball bearings. 


SUBSTITUTE SHEET (RULE 26) 


wo 9S/40638 


PCT/GB98/00721 


17 

12. A friction clutch as defined in any one of claims 9-1 1 in which axial 
movement of the third component is limited by portions on the ramps. 

13. A friction clutch as defined in any preceding claim in which power is 
transmitted between the first and second components via the third component 
when the third component is acting to partially disengage the clutch. 

14. A friction clutch as defined in any preceding claim in which power is 
transmitted independently of the third component when the third component 
is not acting to partially disengage the clutch. 

15. A friction clutch as defined in any preceding claim in which the first 
component has a plurality of circumferentially spaced first lugs and the second 
component has a plurality of circumferentially spaced second lugs positioned 
circumferentially between the first lugs for the transmission of power. 

16. A friction clutch as defined in claim 15 in which the third component 
has a plurality of circumferentially spaced third lugs positioned 
circumferentially between the first and second lugs and which co-operate 
therewith to effect an axial movement of the third component to partially 
disengage the clutch. 
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17. A friction clutch as defined in claim 16 in which the third lugs 
comprise a plurality of drive lugs and a plurality of over-run lugs. 

18. A friction clutch as defined in any preceding claim in which the torque 
required to partially disengage the clutch in the drive direction is different 
from the torque required to partially disengage the clutch in the over-run 
direction. 

19. A friction clutch as defined in any pi*evious claim in which at least one 
friction surface comprises a carbon-carbon material. 

20. A friction clutch for transmitting power under drive and over-run 
conditions including a clutch hub comprising a first component rotationally fast 
with at least one friction surface of the clutch and a second component 
rotationally fast with a power shaft in which the clutch is automatically 
partially disengaged during transmission of power in at least one of the drive 
or over-run conditions and in which at least one friction surface of the clutch 
comprises a carbon-carbon material. 

21. A friction clutch as hereinbefore described with reference to and as 
shown in figures 1 to 3, or 4 to 6, or 7 or 8 of the accompanying drawings. 
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Fig. 1 
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